Introduction
Grinding of carburized and hardened gear teeth for aircraft application has been standard practice for many years. Grinding is required to produce the required accuracy and surface finish necessary for improved life, reduced noise, and dynamic loads for aircraft gears. Until a few years ago, the method used for grinding hardened gears was the standard vitreous grinding wheel.
The vitreous grinding method typically produces a very shallow compressive stress [<0.013 mm (0.0005in.)l on the surface of the ground part, hut has very little effect on the subsurface compressive residual stress.
A few years ago cubic boron nitride (CBN) grinding wheels were introduced for grinding gears and other parts. (l) The CBN grinding wheel allows a much greater rate of stock removal of hardened parts without producing the grinding burns that are prevalent with vitreous grinding. The CBN crystals have a high thermal conductivity compared to the vitreous material and conduct the heat away from instead of into the part, Inaddition, The objectives of the research reported herein were (1) to investigate CBN grinding as a method for finishing aircraft-type gears; (2) Balance can be started under no load, and the load can be applied gradually without changing the running traek on the gear teeth.
Separate lubrication systems are provided for the test gears and the main gearbox. The two lubricant systems are separated at the gearbox shafts by pressurized labyrinth seals. Nitrogen is the seal gas. The test gear lubricant is filtered through a 5 /tm nominal fiberglass filter. The test lubricant can be heated electrically with an immersion heater. The skin temperature of the heater is controlled to prevent overheating the test lubricant.
A vibration transducer mounted on the gearbox is used to automatically shut off the test rig when a gear surface fatigue occurs. The gearbox is also TEST lU-SRICANT -AU the gears were lubricated with a single batch of synthetic paraffinic oil. which was the standard test lubricant for the gear rests.. Table VII) was added to the lubricant. TEST PROCEDURE -After the test gears were cleaned to remove their protective coating, they were assembled on the test rig, The test gears were run in an.
offset condition with a 0,30 em (0.120 in.) tooth-surface overlap to give a surface load width on the gear face of 0.28 em (0'.110'in.): ,thereby allowing for an edge radius on the gear 'teeth. If both faces of the gears were tested, four fatigue tests could be run for 'each set of gears ..All tests were run in at aload per unit width of 1230 N/cm (700 lh/in.) for 1 hr. The load was then increased to 5800' N/cm (3300 lb/fn.), which resulted in a 1.71 CPa (2481<50pitch line maximum Hertz stress. At the pi too line load the tooth bending stress was 0.21 CPa (30 ksi) if plain bending was assumed. However, because there was an offset load, there was an additional st.ressimposed on the tooth bending stress, Combining the bending and torsional moments gave a. maximum stress of 0.26 GPa (37 ksi). This bending stress did not indudethe effects of tip relief, which would also increase the bending stress.
Since the offset test method may introdu.ceedge loading effects, the method was originally checked with and without crowned ge31'S..There was no difference between crowned and uncrowned gears, Also all fatigue spal1s with uncrowned gears originate evenly along the tooth flank and never start at the edge location. This is proof that the offset test condition is an acceptable method for surface fatigue testing.
Operating the test gears at 10,000 rpm gave a pitch line velocity of 46.55 m Isec 9163 ft / min). Lubricant was supplied to the i:nlet mesh at 800 em 3 / min (49 in. 3 /mirr) and .320±6 K (116±100f).
Thelubricant outl.et temperature was nearly constant at 350±3 K (170±5°P).
The tests ran continuously (24 hr /day) until the rig was automatically shut tion that the gear surface temperature at the pitch line was equal to the outl-t oil temperature and that the inlet oil temperature to the contact zone was equal to the gear temperature, even though the oil jet inlet temperature was considerably lower. It is possible that the gear surface temperature was even higher than the oil outlet temperature, especially at the 'end points of sliding contact, The EHD film thickness for these conditions was computed to be 0.33,an (13,~in.)" which gave an initial ratio of film thickness to composite sur-I face r:oughness ( Table VIn. Pitting fatigue life results for the gears that were ground by the vitreous grinding wheel, are shown in Fig. 6a J' 6 Gear T:echnofogy line is shown in Fig. 7 . This is a typical fatigue spall similar to those observed in rolling element fatigue tests ..The pitch line pitting is the result of a high subsurface shearing stress which develops subsurface cracks. These subsurface cracks propagate into a crack network which results in a fatigue spall that is slightly below the pitch line, where the sliding condition is more severe. Pitting fatigue life results for the gear systems that were ground by a CBN form grinder are shown in Fig. 6b . The 10 and 50% surface fatigue lives were 122.7xl06 and s02xl0°stress cycles (20s and 837 hr), respectively. The Weibull slope was 1.34. The failure index. was 7 out of 18. The 10% surface fatigue lifeof the CBN gr-ound gears was ""1-1/2 times that of the standard vitreous ground gears. The confidence number was 60 %, which indicates that there are 600 chances out of 1000 tests that the 10% life of the CBN ground gears will be superior to the 10% life of the vitreous ground gears .. This indicates that there is not a lot of statistical significance to the life difference between the two groups of gears. However, it does indicate that the CBN gears are at least equivalent in life to the vitreous ground gears or slightly better. The equivalent residual stress profile of the two methods of grinding would also indicate that the fatigue life should be approximately the same, A more vigorous CBN grinding could induce some additional compressive residual stress; thereby, improving the surface fatigue life. (2-3) A summary of the fatigue lives of the two groups of ground gears are given in Pig, 6c .. 
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